Effect of Chemical EOR on Class G Oilwell Cement Integrity under Elevated Conditions  by Alias, Nur Syahirah et al.
 Procedia Engineering  148 ( 2016 )  1066 – 1073 
1877-7058 © 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICPEAM 2016
doi: 10.1016/j.proeng.2016.06.593 
ScienceDirect
Available online at www.sciencedirect.com
4th International Conference on Process Engineering and Advanced Materials 
Effect of Chemical EOR on Class G Oilwell Cement Integrity under 
Elevated Conditions 
Nur Syahirah Alias*, Syahrir Ridha, Utami Yerikania 
Petroleum Engineering Department, Universiti Teknologi PETRONAS, 32610 Seri Iskandar, Perak Darul Ridzuan, Malaysia  
Abstract 
EOR which stands for Enhanced Oil Recovery is the technique applied to most of oilfield operation according to the 
chronological order of the reservoir production. Chemical EOR is one of tertiary methods in enhanced oil recovery which 
increase the mobility of the oil in order to increase extraction. Surfactant flooding and polymer methods are among the chemical 
methods. Surfactants (detergents) are injected to alter the surface tension between the water and oil in the reservoir, mobilizing 
oil which would otherwise remain in the reservoir as residual oil. It is considered to be the most promising chemical method in 
recent years. Chemical EOR works on interfacial tension (IFT) reduction, wettability alteration, emulsification and mobility 
control, can alter the cement properties and degrade the cement strength.  This study concentrates on the impact of injected 
chemical EOR toward cement integrity, to minimize the loss of cement integrity or the collapse of the wellbore. In this study, 
polymer and surfactant were representing the chemical EOR. Polymer was prepared by mixing 1 g dry polymer with 199 g brine 
water. Surfactant was also prepared after diluting 100 g surfactant solution into two liters brine water. Cement cube samples 
prepared were exposed into these chemicals with the temperature conditions of 100oC, 110oC and 130oC for polymer and 130oC 
for surfactant and pressure of 2000 psi for 7, 14 and 21 days. The result indicated no significant impact on cement strength 
reduction. It is seen that only 7% strength percentage difference after being exposed to polymer at 100oC. The temperature 
changes are proven to have role in cement strength differences.  
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1. Introduction 
Enhanced Oil Recovery (EOR) is technique applied to most of oilfield operation nowadays. There are three stages 
of enhance oil recovery (EOR) including primary, secondary and tertiary recovery. The EOR method applied is 
according to the chronological order of the reservoir production. During the primary recovery stage, reservoir drive 
comes from a number of natural mechanisms. These include natural water displacing oil downward into the well, 
expansion of the natural gas at the top of the reservoir, expansion of gas initially dissolved in the crude oil, and 
gravity drainage resulting from the movement of oil within the reservoir from the upper to the lower parts where the 
wells are located [1]. Aside of natural flow, this primary recovery stage has another technique of mechanism which 
is artificial lift. Some examples of artificial lift are pumping unit, electric submersible pump and gas lift. 
Over the lifetime of the well the primary production will decline and at some point there will be insufficient 
underground pressure to force the oil to the surface [2]. Therefore, the secondary recovery is implemented to 
maintain the pressure of the reservoir so that the oil will continue to be produced. They rely on supplying external 
energy into the reservoir in the form of injecting fluids to increase reservoir pressure. Some secondary recovery 
techniques that increase the reservoir pressure are water injection (waterflood) and natural gas reinjection.  
Tertiary recovery methods are applied if primary and secondary recovery methods are not economical anymore in 
order to improve rate of production of a field. Some techniques of tertiary recovery method are thermal (steam) 
drive, chemical drive/flooding, gas drive and microbial [3]. This paper focuses on chemical flooding which is the 
commonly used EOR method in Malaysia. According to an analyst licensor in an article on Borneo Post entitle 
“Huge Potential for EOR in the O&G Industry, says analyst licensor” on January 5, 2012, the focus on EOR in 
Malaysia was brought about by declining output at mature oil fields, where the average recovery factor was only 
about half the 46 percent average [4]. 
Chemical flooding is used by injecting the chemical to reduce the viscosity of oil and decrease surface tension 
between oil and water on water injection operation. Tertiary, or enhanced oil recovery methods increase the mobility 
of the oil in order to increase extraction. Surfactant flooding and polymer methods are among the chemical methods. 
Surfactants (detergents) are injected to alter the surface tension between the water and oil in the reservoir, mobilizing 
oil which would otherwise remain in the reservoir as residual oil [5]. It is considered to be the most promising 
chemical method in recent years because it is possible to achieve interfacial tension reduction, wettability alteration 
and mobility control effectively. 
Well cementing is the process of introducing cement to the annular space between the wellbore and casing or to 
the annular space between two successive casing strings. The objective of primary cementing is to provide zonal 
isolation [6]. The two principal functions of the cementing process are to restrict fluid movement between the 
formations and to bond and support the casing. Used for a number of different reasons, cementing protects and seals 
the wellbore. Most commonly, cementing is used to permanently shut off water penetration into the well. Part of the 
completion process of a prospective production well, cementing can be used to seal the annulus after a casing string 
has been run in a wellbore [7]. Additionally, cementing is used to seal a lost circulation zone, or an area where there 
is a reduction or absence of flow within the well. In directional drilling, cementing is used to plug an existing well, 
in order to run a directional well from that point.  
Failure to provide the purposes may result contamination of fresh water aquifers, loss of hydrocarbon reserves in 
producing wells, loss of injected fluids in injectors wells, sustain casing pressure and even blowout. Therefore, long-
term durability of the cement-based materials is substantial matter to ensure the tightness of the wells. Chemical 
flooding, one of tertiary EOR works on interfacial tension (IFT) reduction, wettability alteration, emulsification and 
mobility control, can alter the cement properties and degrade the cement strength.  This study concentrates on the 
impact of injected chemical EOR toward cement integrity, to minimize the loss of cement integrity or the collapse of 
the wellbore. 
2. General Experiment Procedure 
The cement slurry with water cement ratio of 0.44 was prepared using API cement class G High Sulphate 
Resistant (G-HSR). The cement composition measured by X-Ray Fluorescence (XRF) analysis is given in Table 1 
[8].  XRF test was done to investigate the chemical composition of cement quantitatively (in percentage). It was 
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mixed in a constant speed mixer at 4000 rpm for 30 minutes according to API RP-10A and API RP-10B-2 [9,10]. 
Then the mixing speed was increased to 12000 rpm and the mixing process was continued for another 25 minutes. 
During the first 30 minutes, cement powder was poured gently into the mixer that had been filled with water until it 
was well mixed; then the mixing was continued for 35 minutes longer. Once the slurry has been prepared, it was 
immediately placed into a 2-inch-diameter x 2-inch-length pressurized curing chambers contain pressure vessels 
with controlled heating rates for 24 hours under temperature of 100oC and pressure of 1500 psi.  
 
Table 1 Composition of class G HSR cement 
Raw Oxide Wt.% Bouge Phase* Wt. % 
CaO 64.3 C3S (tricalcium silicate) 62.5 
SiO2 21.2 C2S (dicalcium silicate) 9.3 
Al2O3 3.8 C3A (tricalcium aluminate) 2 
Fe2O3 4.76 C4AF (tetracalcium aluminoferrite) 14.5 
SO3 2.61   
MgO 2.3   
K2O 0.32   
Na2O 0.46   
*Cement chemistry notation: C = CaO, S = SiO2, A= Al2O3, F = Fe2O3 
 
Polymer (GLP 100/ HPAM) was prepared by mixing 1 g dry polymer with 199 g brine water. Surfactant 
(MFOMAX) was also prepared after diluting 100 g surfactant solution into two liters brine water. The container 
containing prepared mixture was sealed to prevent contamination. Table 2 shows the measured conditions and 
parameters for the exposed cement cube samples. Exposed conditions were set according to the condition of Dulang 
Field that has pressure and temperature of 3000 psi and 105oC. The pressure of autoclave cannot reach 3000 psi thus 
2000 psi as maximum pressure for the equipment was set.  
 
Table 2 Conditions and parameters for exposure of cement cube samples 
 Exposed Condition Exposed Time Parameter Tested 
Polymer 100oC, 2000 psi 7, 14, 21 days Mass, Strength 
 110oC, 2000 psi 7, 14 days Mass, Strength 
 130oC, 2000 psi 7, 14, 21 days Mass, Strength 
Surfactant 130oC, 2000 psi  7, 14, 21 days Mass, Strength 
 
Mass and compressive strength were determined to evaluate and examine whether chemical EOR have 
significant impact towards cement integrity particularly to class G cement. These parameters are very crucial of 
oilwell cement properties which may affect overall well integrity. There were four tests conducted after the cement 
had been exposed into polymer under certain temperature, such as 100oC, 110oC and 130oC as well as surfactant at 
130oC. 
The mass and compressive strength of the cement was identified using weighing balance (or analytical balance) 
and API Compressive Strength Tester (by crushing them). For compressive strength tester mechanism, strength 
value can be obtained once the samples have been crushed and the machine has stopped moving. Technically, the 
equipment applies the force on the cement section of the composite core until failure occurs. The final force applies 
at the point of failure per unit contact area is used in the determination of the compressive strength. Mass and 
strength were actually measured for 3 samples for each exposed condition. The result provided in this paper is the 
average measured value. 
 
3. Results and Discussion 
Physical conditions of cement samples before and after the exposure were different as well as the surface 
structure. Before the exposure, the color of cement samples was dark as in Figure 1. Number written on samples did 
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not indicate different in composition but the same composition was tested 3 times.  Meanwhile, it turned into cloudy 
and a bit grey after the exposure (Figure 2 and 3). The changes in color and structure can be taken as indication of 
the changes in mechanical properties too. It means the chemical solutions were indeed entering the cement samples. 
Figure 2 presents the physical of cement samples after being exposed into polymer which shows a bit dark grey 
in color and more rough than the initial condition in structure. However, it is shown that light-grey in color and more 
brittle in surface structure. Results of mass and compressive strength would then determine whether the cement 
samples were compatible for well with chemical EOR application. 
Figure 1. Cement cube before exposure into chemical EOR. 
 
    Figure 2. Cement cube after exposure into polymer at 
100oC/2000psi. 
Figure 3. Cement cube after exposure into surfactant 
at 130oC/2000 psi. 
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3.1. Mass of Cement Samples 
Mass of cement was identified using weighing balance and analytical balance. Table 3 shows the result of cement 
sample mass before (initial) and after being immersed into the chemical EOR solution which is polymer for 7 days, 
14 days and 21 days at temperature of 100oC,110oC and 130oC.  
Table 3. Mass of cement samples for polymer exposure 
Temperature  Exposed 
Time 
Average Mass Before 
Exposure (g) 
Average Mass After 
Exposure (g) 
Percentage Difference 
(%) 
100oC Initial 249.09 - - 
7 days 245.13 244.78 -0.143 
14 days 250.56 250.99 -0.172 
21 days 250.77 250.90 -0.052 
110oC Initial 249.65 - - 
7 days 248.26 247.04 0.490 
14 days 245.99 244.90 0.440 
130oC Initial 245.77 - - 
7 days 249.20 247.69 0.610 
14 days 248.18 247.25 0.375 
21 days 250.38 249.47 0.363 
 
From Table 3, it can be seen that the mass of cement samples before and after the exposure is almost similar in 
term of mass difference. The mass was calculated as the basic indication of corrosion in which increased percentage 
of mass loss, greater corrosion the cement had [11]. For 100oC, the range of percentage lies from 0.052% to 0.172%. 
Since the percentage was so small and can be negligible that concludes there was no corrosion occurred on the 
cement cubes after it was exposed to polymer at pressure of 2000 psi for 21 days. Moreover, it was observed from 
the visual structure of cement samples that proved there is no corrosion occurred to the sample. A study was carried 
out regarding effect of polymer in cement mortar which stated that the potential of polymer additions into cement 
mortar may reduce corrosion rates [15]. 
Based on Table 3, cement percentage difference of mass loss was from 0.44% to 0.49% after the exposure into 
polymer at 110oC and 2000 psi for 14 days. Similar to 100oC condition, the results of this condition indicates that it 
had no corrosion occurred at cement cubes as well. Visual structure of samples displayed the same findings.  
For 130oC result, the percentage difference of weight loss is from 0.363% to 0.610% and it also did not show any 
sign of corrosion occurred during and after exposure time. Overall, 130oC shows the highest value but it was still 
under not over 1% of mass loss percentage or considerably negligible. 
 
 Table 4. Mass of cement samples for surfactant at temperature of 130oC 
Exposed 
Time 
Average Mass Before 
Exposure (g) 
Average Mass After 
Exposure (g) 
Percentage Difference 
(%) 
Initial 249.65 - - 
7 days 251.74 249.67 0.822 
14 days 249.00 246.30 1.084 
21 days 246.86 244.62 0.907 
 
Table 4 exhibits the mass of cements after exposure into surfactant at 130oC and 2000 psi for 21 days. The 
percentage difference of weight loss is from 0.822% to 1.084%. It is slightly different from three other conditions 
for polymer. However, the assumption of surfactant gave impact on corrosion toward class G cement directed to 
small corrosion indication whereas it was observed there is crack on the surface of cement sample in visual 
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structure. Greater mass loss which indicates greater corrosion had weakened the bond between the reinforcement 
and surrounding cement sample [11]. 
 
3.2. Compressive Strength 
Cement strength was identified using API Compressive Strength Tester. Table 5 shows the result of cement 
sample strength before (initial) and after being immersed into the polymer solution for 7 days, 14 days and 21 days 
at temperature of 100oC, 110oC and 130oC and pressure of 2000 psi. 
Table 5. Compressive strength of cement samples for polymer exposure 
Temperature Exposure 
Time 
Average 
Compressive 
Strength (psi) 
Difference (psi) Percentage 
Difference (%) 
100oC Initial 3814.67 - - 
 7 Days 3812 -2.67 -0.07 
 14 Days 3946 131.33 3.44 
 21 Days 3525 -289.67 -7.59 
110oC Initial 2875 - - 
 7 Days 3231.25 356.25 12.39 
 14 Days 4306.25 1431.25 49.78 
130oC Initial 3460 - - 
 7 Days 2187.5 -1272.73 -36.80 
 14 Days 2137.5 -1322.73 -38.20 
 21 Days 1625 -1835.23 -53.00 
 
Based on Table 5, there is slight change in compressive strength between initial and final cubes. The average 
compressive strength for initial exposure for 100oC was 3814.67 psi. After it was exposed to polymer at 100oC and 
2000 psi, the percentage difference for strength was nearly zero (negligible) and the compressive strength was 
increasing until 14 days of exposure. After it reached 21 days of exposure, the cement strength was decreasing for 
about 7%. Eventhough the cement sample experienced strength degradation; the percentage difference is still 
understandable and the value was exceeding 3000 psi.  
However, at high temperature (130oC) as shown in Table 5, there were huge percentage differences for 
compressive strength, which are from 36.80% to 53%. From the result, cement samples were experiencing strength 
degradation more than half of its initial value for 21 days exposure time. Chemically, cement tends to deteriorate 
when expose to high temperature condition which is above 110oC. This problem is known as strength retrogression 
where part of cement component undergoes metamorphism which usually causes degradation of compressive 
strength and increasing in permeability of the set cement [12]. Theoretically, the outer-product C-S-H gel may 
become denser and does not fill the capillary pore space as effectively at elevated temperature and thus the 
microstructure is more heterogeneous [13]. C-S-H stands for calcium-silicate-hydrate bond which is formed by the 
raw material of class G cement that originally contains Ca, Si and O and reacted with water. This gel is the source of 
compressive strength for class G cement whereas at HPHT conditions, class G encountered some breaking structures 
of this C-S-H gel [14]. 
In order to prove the strength retrogression theory, cement cubes were exposed into polymer at 110oC with the 
pressure of 2000 psi. Based on research, this is a strength retrogression limit and this issue occurred if the 
temperature exceeds this limit. From the result, it can be seen that the strength of cement samples were still 
increasing until 14 days of polymer exposure.  The percentage of increasing strength value reached for almost 50%.  
At this matter, the theory was proven as the strength was still increasing at 110oC whilst it started to decrease when 
the cement was tested at 130oC or exceeded 110oC. Nevertheless, it might be concluded that the 110oC and 14 days 
were the optimum temperature and polymer exposure time for the samples used in this experiment.  
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 Table 6. Compressive strength of cement samples for surfactant at temperature 130oC 
Duration of 
Exposure 
Average Compressive 
Strength (psi) 
Difference (psi) Percentage Difference 
(%) 
Initial 4270.83 - - 
7 Days 3075.00 1195.83 28.00 
14 Days 2906.25 1364.58 32.00 
21 Days 2025.00 2245.83 52.60 
 
 
According to Table 6, the average compressive strength was dropped from 4270 psi to 2025 psi after cement 
cubes were exposed into surfactant at 130oC and 2000 psi. The trend was likely similar to polymer exposure with the 
same temperature and pressure conditions. The trend of strength result was quite similar to mass loss trend where 
polymer and surfactant solution had the highest percentage differences of result when tested at the temperature of 
130oC. The high temperature might break the internal structure of class G cement cube samples which degraded 
strength value so that the cement became brittle and lighter.  
Based on the fact, the huge percentage difference is not based on chemical impact since at the difference is not 
significant at low temperature condition which is 100oC. It can be assumed that temperature alterations have the role 
in strength changes. 
.  
4. Conclusions 
Based on mass loss result, the two tested chemicals EOR, polymer (GLP100/HPAM) and surfactant 
(MFOMAX), did not give any impacts on the results. Overall, the highest percentage difference of mass loss is 
1.26%. It is concluded that by the results obtained in mass loss, the percentage was  very small (not over 1%) and 
can be negligible that concludes there was no corrosion occurred on the cement cube samples during and after 
exposure into chemicals EOR under 100oC, 110oC and 130oC for polymer and 130oC for surfactant. Meanwhile, the 
results of compressive strength for cement after exposure into polymer at 100oC almost remain the same even for 21 
days. However, huge percentage differences in compressive strength were occurred for cement cubes after exposure 
into polymer at 130oC which had the similar case for surfactant at the same temperature condition. According to the 
theory, chemically cement tends to deteriorate when expose to high temperature condition which is above 110oC. 
Lower compressive strength of cement may cause short life-cycle of well and casing collapse. This issue may lead 
to have workover job that can cost much expenses. Chemical EOR which is very common method used in oil well 
may give such impacts to the well as they have direct contact and cause well integrity depletion in term of cement 
strength. According to this study, the chemicals applied with the used composition did not give any significant 
impact on cement strength. It is proven as cement strength percentage difference was only about 7% after being 
exposed to polymer at 100oC. However, temperature changes are proven to have role in cement strength differences. 
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